A METHOD FOR DEHYDRATING BIOLOGICAL 
TISSUE FOR PRODUCING PRESERVED TRANSPLANTS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is the U.S. National Phase of PCT/EP00/07078 filed July 24, 
5 2000, which in turn claims priority of German Patent Application DE 199 40 426.7 
filed August 26, 1999, the contents of which are incorporated herein by reference. 

FIELD OF THE INVENTION 
The present invention relates to a method for dehydrating biological tissue for 
producing preserved transplants. 

10 BACKGROUND OF THE INVENTION 

Methods for the dehydration of biological tissue for producing preserved 
transplants deliver autografts, allografts or xenografts which are available to the 
surgeon at any time as required. 

Transplants should have a morphological structure very similar to the native 

15 tissue, for example skin, tendons, bones and their properties should largely 
correspond to those of the native tissue. The required properties include internal 
surface, handling capability and elasticity. Furthermore, still further criteria must also 
be observed in the producing of preserved transplants. The transplant must be able to 
be stored in a sterile condition for practically any length of time while maintaining its 

20 properties. It must furthermore have a certain resistance to degradation by the 
receiving organism so that it can function as a guide rail for tissue sprouting in. 
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A known method for dehydrating biological tissue for producing preserved 
transplants makes use of freeze drying. The aqueous tissue is frozen at approximately 
-25°C to -40°C and the ice which arises is removed by sublimation in a vacuum. The 
resulting tissue has a low water content. It can be stored in a sterile condition for a 
5 long period while maintaining its properties and is available, when required, as a 
ready-to-use preserved transplant. 

This method is, however, connected to disadvantages. With areal collagenic 
tissue, for example with dura mater, relatively thick spongiform materials are created 
which makes their handling more difficult. The collagenic starting tissue is a swollen 

10 fibrous network in the moist state and this state is fixed during deep freezing. The ice 
crystals which form between the fibers and the fibrils during freezing loosen the fiber 
structure. During the subsequent sublimation, cavities arise in the tissue which 
degrade its properties in comparison with the native tissue. In particular the elasticity 
is substantially degraded. Furthermore, as a result of partial bonding of the fibrils, the 

15 inner surface is dramatically degraded. The resulting product thereby only has a 
greatly reduced guide rail effect for inwardly sprouting connective tissue when used 
as a transplant. 

Due to these disadvantages of freeze drying, a method is described in 
DE 29 06 650 C2 in which the collagenic tissue is dehydrated with an organic solvent 
20 which can be mixed with water. In this method, a gradual de-swelling of the 
biological tissue takes place during the successive extraction of the water so that the 
native fibrillary structure is maintained and no bonding of the fibrils occurs. 
Consequently, the inner surface of the tissue dehydrated in this way corresponds to 



that which the native tissue has. The elasticity is likewise substantially maintained. 
In this method, however, a number of extraction steps are required for the far- 
reaching dehydration in which the solvent has to be replaced over and over again. 
With spongiosa bones up to 20 extraction steps are required. This represents a time- 
consuming process. The frequent solvent changes are also labor and cost intensive. 
Furthermore, an environmentally friendly recycling method is required for the 
solvent. 

A method is described in DE 38 35 237 CI in which bovine pericard tissue is 
dehydrated with acetone, dried in air, rehydrated with water and then freeze dried. 
First, this method is relatively complex and, second, the same disadvantages occur as 
were described above with the method of freeze drying, since the rehydrated tissue is 
freeze dried. 

SUMMARY OF THE INVENTION 

The object of the present invention is the providing of a method for 
dehydrating biological tissue for producing preserved transplants in which the native 
structure of the collagenic tissue is largely maintained, on the one hand, and which is 
less time-consuming and less labor and cost intensive, on the other hand. 

To satisfy this object, a method is provided for dehydrating biological tissue 
for producing preserved transplants in which, in a first step, the tissue is partly 
dehydrated with an organic solvent which can be mixed with water and, in a second 
step, the tissue is further dehydrated by freeze drying. 

It is possible with this two-step method to achieve a faster dehydration, which 
is also more favorable under labor and cost aspects, while simultaneously maintaining 



the native structure, in particular the inner surface, and the elasticity of the collagenic 
material. The number of extraction steps with the organic solvent can be 
considerably lowered in comparison with a preservation method in which dehydration 
takes place only with organic solvents. The preservation process is thereby 
considerably shortened, solvent is saved and, consequently, less solvent is led to 
recycling and also frequent, labor-intensive changing of the solvent with added water 
for fresh solvent is saved. The freeze drying step additionally provides the advantage 
of simple handling due to the drying with fully automated apparatuses. The initially 
named disadvantages of freeze drying surprisingly do not occur with the method in 
accordance with the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Human or animal tissue can be used as the biological tissue in the method of 
the invention, for example skin, dura mater, fascia lata, tendons, vessels, cartilage, 
pericard, bones and plates made of bone, nails, pins, screws. This tissue consists of 
collagen or of collagen and mineral components. The transplants produced in 
accordance with the method of the invention are available to the surgeon at any time. 

The tissue is preferably dehydrated in the first step with the organic solvent 
which can be mixed with water to a water content in the range from 10 weight percent 
to 25 weight percent. With soft tissue such as skin, dura mater, fascia lata, 
dehydration is preferably carried out to a water content in the range from 17 weight 
percent to 20 weight percent. With hard tissue such as bone, in particular spongiosa 
bone, dehydration is preferably carried out to a water content in the range from 10 
weight percent to 15 weight percent, with, as is to be expected, the structure of the 



native tissue being maintained. However, it is surprising that the subsequent freeze 
drying in the second step for the further dehydration up to the desired water content 
of less than 8 weight percent, which is as low as possible, does not have a negative 
effect on the tissue structure. 

Methanol, ethanol, propanol, isopropanol, acetone, methyl ethyl ketone or 
their mixtures can be used, for example, as solvents in a manner known per se. 
Preferably, acetone is used as an organic solvent which can be mixed with water. The 
solvent used should have a water content which is as low as possible, it should 
preferably be free of water. The dehydration with the solvent is carried out at 
temperatures in the range from 0°C to 70°C depending on the solvent used. The 
dehydration of the first step preferably takes place at room temperature. 

The tissue is preferably exposed to a vacuum after the dehydration of the first 
step before it is deep frozen to temperatures from approximately -25°C to -40°C. The 
organic solvent is thereby largely removed from the tissue. 

In the dehydration in particular of spongiosa bone, it can be advantageous to 
simultaneously carry out a treatment with ultrasound, vibrators or rockers in the first 
step during the dehydration with the organic solvent. This promotes a better 
penetration of the solvent into the fine passages of the spongiosa bone and thereby the 
degreasing and the dehydration. For the same purpose, an overpressure, alternating 
pressure or underpressure can also be applied. It can furthermore be advantageous to 
carry out a vacuum treatment before the first extraction step and after every extraction 
step before dehydration is carried out with fresh solvent in the next step. This also 
promotes degreasing and a better exchange of the aqueous organic solvent in the 



passages with fresh organic solvent. All these measures can also be carried out with 
soft tissues. 

The freeze drying in the second step takes place in a conventional freeze 
drying unit. The partly dehydrated tissue is therein gradually brought to temperatures 
5 from, for example, -25°C to -40°C and the ice produced in the tissue is removed by 
sublimation by applying a vacuum. As already stated further above, a vacuum is 
preferably applied before the freeze drying, that is before the cooling of the tissue to 
low temperatures. In this way, the solvent is removed from the tissue in part. The 
freeze drying follows on from this. 

10 The invention will be explained in more detail with reference to the following 

examples and to Figures 1 and 2. Figures 1 and 2 are diagrams in which the time 
curve of the dehydration of the tissue in the examples is shown. The time in hours or 
days is entered on the abscissa and the water content in weight percent relative to the 
total weight of the material to be dehydrated on the ordinate. 

15 Example 1 

Dura mater is removed from the human body and liberated in a manner known 
to one skilled in the art from antigenic substances and enzymes. For preservation, the 
tissue parts cleaned in this manner are treated twice for six hours at a time by being 
placed into anhydrous acetone at room temperature. The solvent quantity amounts in 
20 each case to 500% of the wet weight of the tissue, with a de-swelling of the tissue 
taking place from 0.65 mm to 0.57 mm. The water content at the completion of this 
first dehydration step amounts to 20 weight percent. 
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In the second step, the tissue is cooled for three hours to -40°C in a freeze 
drying unit. Then, a vacuum of 1.2 mbar is applied for removing the ice formed in 
the tissue by sublimation. The shelf temperature amounts to 35°C. The water content 
after the second step, which takes a total of 15 hours, amounts to 6 weight percent. 
5 The thickness of the tissue amounts to 0.54 mm and the inner surface is 20 m2/g. The 
course of dehydration is shown in Figure 1. 

After packing in moisture-tight pouches and after sterilizing with gamma rays 
with a minimum dosage of 15 Kgry, the preserved dura mater can practically be 
stored without limitation and is ready for use for transplants. 
10 If, instead, the dehydration of the dura mater is carried out only with acetone 

to the same water content of 6 weight percent, three extraction steps of 12 hours each 
must be conducted. 
Example 2 

A spongiosa bone is prepared in a suitable manner known to one skilled in the 
15 art. For preservation, the prepared bone is treated five times for 24 hours each time 
with anhydrous acetone at room temperature. The solvent quantity amounts to 500% 
of the wet weight of the bone in each case. After this treatment, the water content 
amounts to 12 weight percent. The bone is subsequently cooled for 3 hours to -40°C 
in the second step and then a vacuum of 1.2 mbar applied for removing the ice 
20 formed in the bone by sublimation. The shelf temperature amounts to 35°C. The 
water content after the second step, which takes a total of 48 hours, amounts to 2 
weight percent. The dehydration course is shown in Fig. 2. 
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If, instead, the dehydration of the spongiosa bone is carried out only with 
acetone, then up to 20 extraction steps of 24 hours each are required, with 
approximately 60 ltrs. of acetone being required per 1 kg of bone. 
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